ABSTRACT: The use of insoluble organic matrices as a structural template for deposited on the surface of organic matrices, they were infiltrated into the 22 frameworks of ELR matrices, preserving their microporous structure. After 14 days of mineralization, an average of 78 μm 23 mineralization depth was achieved. Mineral density up to 1.9 g/cm 3 was found after 28 days of mineralization, which is 24 comparable to natural bone and dentin. In the dry state, the elastic modulus and hardness of the mineralized hydrogels were 20.3 25 ± 1.7 and 0.93 ± 0.07 GPa, respectively. After hydration, they were reduced to 4.50 ± 0.55 and 0.10 ± 0.03 GPa, respectively. 
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These values were lower but still on the same order of magnitude as those of natural hard tissues. The results indicated that 27 inorganic−organic hybrid biomaterials with controlled morphologies can be achieved using organic templates of ELRs. Notably, 28 the chemical and physical properties of ELRs can be tuned, which might help elucidate the mechanisms by which living 29 organisms regulate the mineralization process.
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KEYWORDS: mineralization, elastin-like recombinamers, hydrogel, bone, dentine TEM images revealed that nanocrystals were homogeneously 244 deposited in the hydrogel framework at the mineralized region f2 245 ( Figure 2A ). SAED produced a multiple-ring-shaped diffraction 246 pattern for HA, including a ring for the (002) and (210) planes 247 and one for the combined (211), (112), and (300) planes 248 ( Figure 2B ), indicating that the crystals were randomly oriented 249 in the hydrogel framework. Such crystal orientation is different 250 from the one found in mineralized collagen fibrils where the 251 nanocrystals were oriented parallel to the longitudinal axes of 252 the collagen fibrils. Because the polymer chains in the hydrogel 253 framework were randomly distributed, it may not contain 254 oriented confinements to guide the crystal orientation that 255 found in the collagen system. (002) may not be critical for mineral infiltration. As shown in Figure   Figure 3 . XRD spectra of the cross-linked HSS 3 hydrogel after 14 days of mineralization in the inner nonmineralized and outer mineralized regions as well as bovine cortical bone. 315 4, the REDV hydrogel contains no SN A 15 and was also 316 successfully mineralized. After 14 days of mineralization, the 317 framework of the cross-linked REDV hydrogel was still 318 discernible ( Figure 4A ), and the corresponding EDS analysis 319 confirmed the presence of calcium and phosphate ( Figure 4B ). 320 The fractured surface of the mineralized REDV showed a 321 homogeneously granular morphology, indicating that the 322 minerals have deposited within the framework and were well-323 integrated with the organic REDV hydrogel ( Figure 4C ). TEM 324 ( Figure 4D ,E) and SAED ( Figure 4F ) images demonstrated 325 that needlelike HA nanocrystals were randomly distributed in 326 the REDV hydrogel, similar to those found in the mineralized 327 HSS 3 hydrogel (Figure 2 that of bovine cortical bone ( Figure 5A,B) . 349 bone. Its elastic modulus was 20.3 ± 1.7 GPa, comparable to 350 natural cortical bone, whereas its hardness (0.93 ± 0.07 GPa) 351 was significantly lower than that of bone ( Figure 6C,D) . When 352 the specimen was hydrated, the mechanical properties of both 353 the mineralized hydrogel and cortical bone were significantly 354 reduced. The elastic modulus and hardness of mineralized 355 hydrogel were decreased to 4.50 ± 0.55 and 0.10 ± 0.03 GPa, 356 respectively. In the wet state, the mechanical properties of the 357 mineralized region of the hydrogel were significantly lower, 358 around one-third of those measured for bovine cortical bone. It 359 has been reported that the elastic modulus of demineralized 360 dentin lesions can be restored from 0.2 GPa to near 10 GPa in 361 a wet state after 14 days of mineralization using the PILP 362 process. 56 Our previous study also demonstrated that the 363 hardness and elastic modulus of the nanoporous intrafibrillarly 364 mineralized collagen films were 0.7 and 9.1 GPa, respectively, in 365 the dry state, whereas in the wet state they were 9 and 177 366 MPa, respectively. 34 In contrast, the mechanical properties of 367 the mineralized ELRs studied here were over 1 order of 368 magnitude higher than those of the nanoporous intrafibrillarly 369 mineralized collagen films and on the same order of magnitude 370 as those of the restored dentin lesions. 3.4. ELR-Template-Directed Control of Hybrid Mor-372 phologies. The use of insoluble organic matrices as a 373 morphological template for the bottom-up fabrication of 374 organic−inorganic nanocomposites is a powerful way to build 375 a variety of advanced hybrid biomaterials. In contrast to metals 376 and ceramics, polymers are much more easily fabricated into 377 diverse shapes. By controlling mineral deposition in the organic 378 matrices, predictable morphology of the nanocomposites can 379 be obtained. In our study, many struts were observed on a HSS 3 f7 380 hydrogel after mineralization ( Figure 7A) . In some cases, they 
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